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HENNIGAN: We had a little delay this morning but
ve'll try to start off here and our guest speaker will be
here in a few minutes. :

I'd like to welcome you all to Goddard Space Flight
Center and the 1973 Goddard Battery Workshop. A full two-day
meeting is planned including seals, separators, manufacturing
processes and improvements, test results and a final session
tomorrow afternoon on improved energy-density system or the

" metal-gas, metal-nydrogen systen.

The plans call for seals and separators this morn-
ing and storage experience and manufacturing developments
this afternoon. We may be a little short this morning, so
the manufacturing and storage experience might creep into the
latter part of the morning.

Now, as in the past, we encourage active participa-
tion. Although papers are prepared, your comments and dis-
cussions are solicited. And feel free to come up and use any
of the chalkboard or the charts, if you feel a sketch will
nhelp you in your discussion of the topic being taken up
at the time, ‘

We are happy again to welcome fellow visitors from
Canada, France, Germany and the Netherlands.

I will chair the first segsion today on seals and
separators, while Floyd Ford will chair the afternoon session
on storage experience and manufacturing developments.

As you plan to give a paper or a discussion of these
topics, please contact either one of us. We hope your meeting
will be very interesting and informative.

While we're waiting for our speaker, I'll just make
a few announcements that we had. I you have any questions on
travel, the extension to call here is 2221, and they'll try to
help you out. I would appreciate it very much if you'd pur-~
chase the tickets for the cocktail party before noon. We have
to have a count by noon and this afternoon the price might go
up due to inflation.

(Laughter.)
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To the speakers: please bring coples of your slides
and viewgrapins to the chairman of the session as you come up
to the podium. And when making questions from the floor or
any discussions from the floor, please state your name very
clearly for the recorder and what your affiliation.

As you know, the entire proceedings are recorded.
They are also taped and this is put into our proceedings which
we usually try to get out to you within a month or so, six
weeks I suppose. And it's unedited and besides that, if we
had edited it, I think it would be & long time before you
got it. ' :

Oh, one thing, I'd like to pass around a couple of
pads here for you people to put your attendance and your com-
pany address. Tnen we will use these for the mailing list for
our proceedings. I was hoping -~ the time is just right --
he'd got the doors open and he'd come in, Oh, okay, I didn't
see you, fine.

At this time, we have a special guest, Mr. Don
Hearth, who 1is Deputy Director of Goddard Sovace Flight Center,
I would like to present Ur. Hearth, who has some words to say
with regards to the workshop, batteries, and what the future
holds.

Mr. Hearth?

HEARTH: I was sitting right out in front of Tom,
so I guess ne didn't see me. )

I'd like to welcome you to the Center today and to
the 1973 Workshop on Batteries. As in the past five years,
Goddard has sponsored this workshop in order to insure a re-
view of current battery technology so that the application
of this technology could be spread amongst all of the users
and providers of this technology.

I think any of us involved in technological activi-
ties recognize that with the rapid changes in any technology
that information exchange is very important. I know from a
personal point of view, I know I certainly wouldn't want to
go out and design an airplane today. Ifd have a little bit
of trouble. :

So, certainly in the area of power systems, there
1s need for information exchange. And we have found that this
type of workshop, that is, an informal exchange of information,
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has well served that purpose. And we hope that the meeting
during the next two days will assist Goddard, will assist
other NASA Centers, or assist DOD and its agencies, people
from overseas, as well as industry, in providing the most
recent exchange of experiences and technology in the battery
area, ’

For the last thirteen years since 1960, this Center
has pursued an active part in research and development and
testing of batteries for spacecraft. There have been many
results of these efforts. They include the non-magnetic
silver/cadmium battery, the third electrode, the recombina-
tion electrode, an increase in the depth of discharge from
a few percent to 25 percent and so forth.

There has been one area during, excuse me, during
this experience that requires continued emphasis, that is,
the area of assuring a high-reliability, uniform product from
lot to lot and year to year.

This requirement was recognized during the mid 1960s,
when production problems kept reoccuring in the manufacture
of non-magnetic cells. And during 1967, several problems
occurred in the production of nickel/cadmium cells and initi-
ated the development of a process and msterial control spec
for the manufacture of these cells.

In this area, participation of a number of people,
I'm sure who are here today and previous workshop meetings,
have been most helpful in developing this spec, not only for
NASA and Goddard but for battery users in the military, com-~
mercial and specialized fields.

Present spacecraft designs and studies are underway
for missions well into the 1980s. These missions will con-
tinue to require batteries, particularly nickel/cadmium bat-
teries as the primary energy storage device. There are,
however, two tasks that are presently receiving increasing
attention within that, so that I'd like to mention this
morning.

In general, they relate to spacecraft components
across the board, but in the case of vatteries, they include
two. First, there's the standardization of batteries at the
cell level and at the battery level. And secondly, there's
the standardization of the testing of batteries, in particu-
lar, the neced for the development of an accelerated test for
voth cells and vatteries.



Now, both of these areas are tiecd to a concerted
effort on our part to reduce the cost of doing business. And,
I know this is a familiar tune that has teen played for many
years, but I think there has been a change in the past few
yvears within our agency at least, in recognizing that we have
reached that stage in the space program where we are in a pos-
ition to reduce substantially our cost of doing business be-
cause we now have better understanding of how to do things in
space.

I think the major technical challenges are no longer
in spacecraft, as such, but are rather in the experiments and
in the sensors to ve flown by these spacecraft. I think what
this means is that engineers and I think I qualify to be one
of those, no longer can reinvent the wheel. Rather what we
need to do 1s to apply our ingenuity and our energies into
finding ways to reduce cost because, clearly, there is much
more we can do from space than resources will permit.

And the cheaper we can make our missions, then the
more that can be done and the greater contribution that those
of us involved in space can make to socilety in general. And
I think that's true in the area of patteries as well.

Now, a recent NASA study has shown that all .
missions, with the advent of the Shuttle, can be accomplished
with four basic sizes of nickel/cadmium cells, rather than the
30 or more that nhave been used in the past and that ties into
the need for standardization.

~ In addition, the development of an accelerated test
program, which could reduce years of testings to a few months,
we view as mandatory, if cost of spacecraft batteries are,
in fact, to be reduced.

I think that the clock is ticking on this problem
and I would hope that those of you here today will take back
when you go back home, a feeling that we really must solve
this problem. And I think that if we all put our shoulders
to the wheel we will,

In a way, it reminds me of a story I heard which is
supposed to be true of Winston Churcnill, who was being intro-
duced at a -- this was after he was knighted and shortly near
the end of his career -- he was being intrcduced to a univer-
sity audience in England by the University President or Chancel-
lor, or whatever. And this particular individual felt that
whenever he introduced the speaker, he really should not just
talk avout all the good things about the speaker. but really
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needed to talk about, you know, the whole man. And this parti-
cular individual had always been troubled by Winston Churchill's
drinking habits and so nhe felt that he simply had to mention
that.

So, in any event, as he was introducing that gentle-
man, he pointed out to the audience that he had computed that
in Winston Churchill's lifetime he would drink sufficient bran-
dy to fill the auditorium to the floor to the first railing of
the balcony.

And, then he proceeded to go on and introduce Winston
Churchill. And Churchill got up, and of course you know he had
a great sense of humor and the first thing he did was to stand
at the podium like this and loox down at the floor and then
lock up at that railing and said, "So much to do in so little
time.

(Laughter.)

And, T think that's our problem here -- that we've
got a lot to do and we really have very little time to do it
and I hope that this meeting will help that problem. And we're
glad to have you again and hope you have a very productive
meeting. Thank you very much,

(Applause.)

HENNIGAN: Thank you very much, Mr. Hearth, for your
velcoming address. We'll start off with the meeting this morn-
ing and we have two speakers on seal developments during the
last year or so, Our first speaker is Steve Gaston, from Grum-
mans Aircraft, wno has a presentation on large ceramic seals
for nickel/cadmium cells.

GASTON: Good morning. The topic of my little pre-
sentatlion is large ceramic terminal seal progress. 1I'd like
to present a short report on the progress made by Grumman on
large ceramic terminal seals since our last discussion on this
subject in the 1971 Workshop. '

At that time, we were presented with evidence showing
a weakness in some of the large-size ceramic seal terminals,
which could, and in some instances, did give rise to cracking
in the ceramic body with a resultant leakage through the seal.

All work presented here was conducted under the 100
Amp Hour Battery Development Program for large manned space
stations on the contract NAS-91107i.

(51ide 1.)
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Slide 1 shows the negative terminal of one of these
early 100 Amp Hour Development Cells. It was constructed in
Spring, 1971. Hairline cracks in the ceramic under the brace
joint and voids in the brace were observed, These cracks cen-
tered around the outer diameter of the ceramic sleeve but did
not extend to the inner diameter, thus, a leakage path from
the cell's interior to the exterior was avoided.

However, the joint integrity was questionable due to
this condition. Specifically, I'm talking about this area
right nere. This one is 100 times enlarged; you see it here.

(Slide 2.)

Slide 2 shows the positive terminal of the same cell
and essentially the same defect as the negative terminal, possi-
bly you see a little bit more pronounced on this one right
there,

The first steps to resolve this potential problem
were taken by Grumwan, Eagle Picher, and Ceramaseal at the
1971 Workshop and are shown in Slide 3.

(slide 3.)

These are essentially the items which we thought are
most important and need modification, consists of the increase
in purity level, elimination of surface, which is the silica
which is potentially attacked by the KOH and possibly a prob-
lem, the change in the retainer material to 52 percent nickel
alloy, the 42 percent alloy needs a copper plating, which was
considered undesirable, and most essential, the type of compo-
nent tolerance, to get a better braze flow. Of course, the
greater control of the braze material and the application of
the Q-A provisions as they were developed under the Process
Variable Study under NAS-521159.

We also took a close look at possible alternate sup-
pliers, such as G.E., Hughes and Bell's Ziegler seal. Since
a terminal of this size was not one of their off-the-shelf
items and evaluation of any of these would have been too costly
to this austere program.

In May, 1972, we received sample terminals with 99.5
and 96 percent aluminum ceramics. They were examined and we
found good braze Jjoints, but fine hairline cracks. The cracks
in the 96 percent aluminum were shorter. There was no cause to
question the seal integrity of this terminal with a 96 percent
aluminum and it was used for the construction of the parametric

2



§ o

¢ RNIIA

TYNIWIFL IFN-Lisod

ol

YWIRNED

T FANSI4

JUNIWIIL FNLy93aN

X001

NYWNNES




cell group of the 100 Amp Hour Battery Program.

Shortly after construction coapletion of these cells,
leakage in some of them was observed, showing that this problem
was not fully resolved. In October, 1972, it became apparent
that further efforts on this terminal design would be unsuc-
cessful in resolving its inherent problen,

Consequently, a rewly developed ceramic seal butt
seal terminal was examined more closely. A sample cover was
received at Grumman. in November, 1972, It was metallurgically
examined and it is shown in Slide 4,

(Slide 4,)

This terminal is actually upside down. That is the
top flag. Ve modified it from the original platform., This is
a top flag and this is == youlre looking at the bottom ==~ this
is the butt seals. These are enlargements of this joint.

o From this and other tests we conclude that this
terminal looks superior to those previously supplied. Some
improvements were suggested, such as, better braze flow control,
since material float towards the perimeter, leaving less
material near the inner diameter and better cleaning of the
bottom well to cover,

Essentially, you see here the brazes tend to float
to the outside., Grumman applied a radiographic examination
on this sample which is shown on Slide 5,

~ (Slide 5a,)

, One can note that void areas in the braze can be
detected with this non-destructive technique, The top view
shows two voids, the bottom view shows that these voids are
located in the top cup seal., I guess you can detect in here,

(S1ide 5b.)

_ This is a viewgraph made from the x-ray and it's
Lo : not gquite as, the contrast is not quite as big as the x=ray
had shown, These are the two voids and if you take a close
look, you can see the corresponding voids at the top cup.

The Ceramaseal butt seal was subsequently used on
.the life test and last group of cells on a 100 Amp Hour
Development Program, The design utilized the improvements
that are shown in Slide 3, except the increase in aluminum
purity to 99.5 percent. 96 percent purity was found to be
adequate,
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Every cover used recelved a top-view radiographic
examination. A typical sample is shown 1n Slide 6,

(siide 6.)

All of these covers have been constructed without
leak problems and many of them will be shipped to N.A.D. Crane
for testing. In conclusion, I would like to say that the radio-
graphic examination of terminal seals has added an important,
non-destructive tool to insure a better quality terminal, It
is applied best prior to the terminal weld to cover, since it
is simple to examine at that point and least cost is incurred.

HENNIGAN: Thank you, Steve. Are there any questions
on Steve Gaston's paper. Right over there, okay.

GRIFFIN: My name is Mr. Griffin, Mallory Battery,
Canada. When you apply these to cells, how do youdo the
leakage testing?

GASTON: The leakage testing is both a helium-leak
test and, of course, a chemical leak test. You apply -~ actual-
1y the x-ray has nothing to do with the leakage test, completely
independent test.

You can run your cover leakage test before or after
the x-ray. Of course, it would be better after the x-ray, since
it appears to me it's most desirable to have the x-ray done be-
fore it's welded to the cover and you cannot run a leakage test
too well until it's welded to the cover and run a cover leak
test.

GRIFFIN: I was wondering if there was any differ-
ence in water permeability, depending upon the amount of alumi-
num used in the seal.

GASTON: I don't think I understand your question.
Could you repeat 1t?

GRIFFIN: Is actually that seal point an access point
for water vapor from the cell or is it actually just a mechani-
cal seal in the construction of the battery? In other words,
is it possible water vapor could get out at that point and
there would be a dependence on the composition of that seal,
of the ceramic seal?

GASTON: No, I don't see how water vapor could get

through that seal. Maybe Bob Stelnhauer has an answer on
that.

STEINHAUER: No.

Ll
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GASTON: It's a completely hermetic seal. I don't
see how water vapor could get through that.

STEINHAUER: It's a completely dense ceramic.
There's no porosity to it.

- GRIFFIN: Thank you.
HENNIGAN: Bob Steinhauer, did you have a question?

STEINHAUER: I'm curious whether you tensile tested
the specimens and what were the results. I notice you didn't
use back-up ceramic on the top of your seal. I'm wondering
the rationale pro and con on that. '

GASTON: The first question, did you tensile test,
yes, we did. What were the values? I don't have them with
me. I don't recall. I would have to get this to you.

Now, as far as the back-up seal, we do have -~ we
have two pleces of the ceramic, so I don't know what you
mean by & back-up seal. There are three sizes. Maybe I
should show you this slide again,

STREINHAUER: T didn't see the third one on that
slide.

GASTON: I think the best one is Slide 4.
(Slide 4.)

Okay, I see. It's a little bit too dark to sece.
Maybe if I show you this slide, it will be better. It is
there. TI'11l show you this slide. It's there. It Jjust came
out a little bit too dark.

HENNIGAN: We have one more guestion here for Mr.
Gaston,

FEDUSKA: (Westinghouse) Are you permitted to des-
cribe the brazing alloy in the brazing technique employed in
making the terminal 27%

GASTON: I don't think it would ve for me to say.
I think I could describe it, but I think the gentleman from
Ceramaseal here, they can describe it if they so desire or
have any comments on that. Are the gentlemen from Ceramaseal
here? ‘
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BREDBENNER: (Ceramaseal) It's an active metal
braze.

GASTON: I wonder if you could repeat that. The
fellow over here couldn't hear you.

BREDBENNER: It's an active metal braze. The active
metal is titanium powder and the braze alloy is silver/copper
palladium, :

FEDUSKA:; It’s.done in the air?

GASTON: The brazing ii:self?

"FEDUSKA: Is it done in the air?

GASTOW: " Is the brazing done in air is the question,
BREDBENNER: It's done in vacuum,

'BOGNER: (JPL) Did you test any Ziegler-type seals?

_ , GASTON: No, I didn't get a chance and mainly we
V didn't have sufficient funds to do that. I would have loved
J _ to do that. We just didn't have any funds in that progran
to do that.

HENNIGAN: Are there any more guestions for Steve
Gaston?

(No response.)

All right, we have one more discussion of seals
this morning, which is a follow-on to Steve Gaston's talk, is
Bill Harsch, from Eagle Picher.

HARSCH: Good morning. I'm Bill Harsch from Eagle
Picher and I'd like to this morning talk about a ceramic seal
improvement program that we've had going on in our plant. For
the last year and a half we've had a company-funded R&D Pro-
- gram on ceramic to metal terminal seals. The purpose of the
L _ program was, or still is, to develop a non-corrosive long-life
50 N : terminal for nickel/cadmium and nickel/hydrogen cells.

The program started with three manufacturers and a
seal design compatible with each of the manufacturers was worked
out. The design was based mainly on the manufacturer's pro-

~cessing equipment and.also incorporating as many of the im-
provements in ceramic seals that had been made to date.

<
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Fach seal design was tested Ffor electrolytic corro-
sion. It was tested as cells for cell performance, dynamic
environments, and life cycling.

Today 1 will discuss the results of the electrolytic
corrosion test. Tne test used was the MilliammeérElectrolytic
Corrosion Test developed by Dr. Harvey Seiger at Heliotek. The
test consists of charging a nickel electrode with respect to
a counter electrode in potassium hydroxide. The test sample
is electrically connected through a milliammeter to the nickel
electrode as shown in the first slide.

(slide 7.)

In this case, we used standard positive electrode
from the nickel/cadmium and negative electrode was a nickel
sponge and our test samples are connected as you can see in
that slide.

The next slide, please.
(Slide 8.)

The test sample was electrically connected in this
manner, in that one terminal was electrically connected in the
circuit as was the cover blank itself. The reason we chose
to do this was so that one terminal in the test -- I should
say the brazed area of one terminal was electrically isolated
from the test itself.

Now, we used our original design terminal, which
has no stress relief collar. It's a 95 percent aluminum body
with a silver copper braze and a Molly manganese metallizer.
That we used as a control,

The second deslign tested was a butt seal geometry
with a titanium hydride metallizer and a silver cup or pallad-
ium braze, which, of course, the butt seal has stress relief
members., The second of the new seal designs was what's known
as the "knife-edge" geometry with a nioral braze and a titanium
nydride metallizer. This also had a Molly back-up ring, which
we'll talk about in a minute.

And the last seal design was a butt seal geometry
with nickel stress relief members and it had a zirconium base
braze alloy and also a nioral braze to the cover.

Next slide.

(8lide 9.)

E
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The results of the electrolytic corrosion -- this is
the original design that we've used on many cells. As you can
see, the little graph on the bottom, this seal had no potting
material that is normally done on the top and bottom.

We got a corrosion current like this with a peak
current of 75 milliamps. And then we had a weight loss of
.102 grams after eight hours. And looking at the braze Jjoints,
this terminal is the one that was electrically connected with
the cover., This one, brazed to the cover, was brazed to the
ceramic on the terminal, was not in the electrical circuit.

As you can see, the corrosion of the brazed material
on the braze to the cover, but no corrosion on this braze to
the terminal. In this case, you have corrosion of both brazes.
Next slide.

(slide 10.)

We went -~ the next one we put in -- you have one
more. The next one was the same design but with the potting
material that's normally put on the seal. As you can see,
the corrosive current was reduced substantially. It had 11
milliamps. of corrosion current and the brazes themselves
didn't show the corrosion.

Next one, please.
(Siide 11.)

That's eight hours. I might add the input to the
test was 400 milliamps. and whatever you get from the other
ammeter is due to the electrolytic corrosion. This is the
other geometry which was the butt seal and the silver/copper
palladium braze and titanium hydride system, and has a corro-
sive current of 11 milliamps. and it lost .06 grams.

And the last one, please?
(Slide 12.)

o This is the knife-edge geometry seal, and it had

7 a rather high corrosive current starting out and then it fell
off to practically nothing. And coming back looking at the
sample, as you can see, this has a Molly back-up ring, which
the manufacturer put there to eliminate some differences in
coefficients of expension of the materlals used. And this
is basically corroded.
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As you can see, this is the terminal that was in the
circuit and the Molly ring is virtually gone from this design.
But, however, there was no signs of corrosion on the nioral
braze sections of the seal,

(Slide 13.)

And, finally, the last design, which is also butt seal
geometry and a zirconium base braze, This design had no corro=
sion nor did it lose any weight. So, as of today, we'lre
continuing the test. We have cells built with all of the
seals that I've shown you on cycle life and it's a little early
to tell anything. '

Theré's only =- probably less than 1,000 cycles on
any of these cells. Thank you,

HENITIGAN: Do we have any questions for Mr., Harsch?

i

Bob Steinhauer?

STEINHAUER: With regard to the last seal, using zir-
conium, did you find any problems with regard to the outline
between the gzirconiuvm and the seal?

HARSCH: I don't know if I can answer that question.
We don't have all of the data back on metallurgical parts of
that terminal and I also don't know very much about the
chemistry of it,

STEINHAUER: What percentage of aluminum was used
in that last one?

HARSCH: 1 believe it was 99,5,
HEWNIGAN: Dr. Font?

FONT: What is the voltage between your terminal
during your test?

HARSCH: It was approximately 1.32~1.40 volts.

FONT: I asked you this because of the variety of the
cells according to the variety of the plates. You are 0.5 volts
above, between your positive cell and we arc 0.8. I don't think
that this kind of test represents exactly what is occuring in
the cell. -

HARSCH: You may be right. However, it is an effective
means of looking for electrolytic corrosion. The numbers them-
selves are only represented numbers, I don't know if you can
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draw any firm conclusisns to the currents or the voltages, per
se., In fact, one of the very best methods of analyzing this
data is by general appeavance, Dy color and appearance of tie
brazes. ‘

TONT: Yes, but I think you can't predict anything
in this test. The second point is, when you are speaking about
current, you nave to measure also the area of the braze, which
different designs oi covers. :

You have a very wide range of braze material which
can affect the results of your intensity.

HARSCH: I agree 100 percent. However, what we were
looking for is no corrosion, rather than some degree of corro-
sion,

HENNIGAN: DBob Steinhauver?

STEIVHAUER: I would like to comment on a question
Dr. Font asked. The purpose for tne higner voltage is general-
ly to create an over~-test condition on a short-term basis for
raplid evaluation of seal materials.

1t

is true it is not a light test, but it is a
screen for mater ’

als.

B

LURIE: I'm Charles Lurie from Gulton., Imposing tooO
high a voltage can do something other than accelerate the test.
Thers ig a threshold value below which corrosion will not occur
and was any attempt made by voltametric means to be sure that
this threshold value was not exceeded or that you were at a
realistic voliage?

HARSCH: No. Again, like I said before --

LURIE: Is it possible that using a double ammeter
test and not using a voltametric means to back it up, that you
exceeded the potential that could occur in the cell and that
you were seeking a corrosion mechanism that wouldn't occur in
a nickel/cadmiwn cell during normal operation?

HARSCH: I don't know that for sure. We didn't per-
form that part of the test., We were looking for corrosion.

LURIE: Of course, it is possible to make virtually
any system corrode if you increase the voltage?
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HARSCH: However, the testing done by Steinhauer
and his people on materials pretty much dictated what mater-
lals we were using with the one exception of the zivconium
based braze alloy. And so we nad a pretty good idea of what
the corrosiocn potential was of the materials in the seal.

HENNIGAN: I believe that's Harvey Seiger that would
like to ask a question.

- (Laughter.)

SEIGER: T would like to make a comment, if I may.
The test was developed in order to determine whether there
are problems. It's not only a corrosion test, but one can have
a lower over-voltage and therefore affect the charging of the
positive electrode or the affect of charge-efficiency of the
positive electrode,

And, as you say, you weigh it, you look at the colors,
and that will tell you whether you have corrosion and you can
look for bubbling, and that will tell you whether you have a
lower oxygen evolution potential.

The positive electrode is in there to maintain --

) one could do it voltametrically or this easy, inexpensive way.
If you had a positive electrode, you can simulate conditions
inside a cell. So you charge this positive electrode, you
pass current through it, and you can bring the potential up
to a realistic potential, you can discharge it, bring the poten-
tials down to a realistic potential, and see what the Kind of
distrivutions there are,.

Now, the ideal thing, as Dr. Font recognizes, is to
have a sample of the seals that one's using. If one does that,
they can have an idea of the fraction of the current that's
going to charge a particular electrode and this seal that
you're investigating.

HARSCH: Thank you.
HENNIGAN: We have one question frcm Aiji Uchiyama.

g UCHIYAMA: Have you run any tests of a thermal
cycling nature? In other words, planning a test along that
line?

HARSCH: Not in our present program. We're going
to continue the life testing. At some future date, I'm sure,
we'll be doling thermal cycling in order to fully qualify the
cell.
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UCHIYAMA: How about Steve Gaston?

HARSCH: Steve, do you have any comment on thermal
cycling? :

CGASTON: Wnhat was the question? I wasn't listening --
Bal 4.},

cycling of the terminal?

_ HARSCH: Do you plan to or have you done any thermal
cycling on this seal?

GASTON: DMNo, I have not and I don't plan to, I have
no more funds. ' ‘

HENNIGAN: Did you have another comment, Bob? Bob
Steinhauer?

STEINHAUER: Yes. I think that the voltage used
in your test 1s not unrealistic if you are using a single
terminal header, Secondly, with regard to thermal cycling,
I think most of thermal cycling is achieved brazes cycle it-
self, It's not cycling compared to what the cell sees in or-

‘bit.

, , I guess- I would like to ask the duestion that T
asked Steve., Did you perform on any of these seals tensil
testing?
HARSCH: Yes.
STEINHAUER: Wnat were the end results?
- HARSCH: 1In all three designs that were tested had
adequate strength when tested tensilly, in the order of 200 to

600 pounds, if I remember right.

STEINHAUER: Do you happen to remember what area,
wnat braze area this was in?

HARSCH: ©No, I don't.

STEINHAUER: One last comment. I would think that
the cnoice of zirconium is a good one.

HARSCH: Norm Anderson had a question from ILC.

ANDERSON: Yes, I'm the one that made the zirconium
braze plugsfor one of these tests., I could probably answer

‘a couple cof the guestions that came up.
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With regard to thermal cycling, we used the same
braze for a variety of arc lamps thal we make and routinely
recycle these brazes, They are quite vesistant to the ther-
mal cycling conditions,

We have measured the tensile strengths using seal
M=15 and the dumbbell specimens, measured strengths along
the order of 7,000 DpoeSoie

The ceramic test was used on the seals thatv Bill
tested., I thini the strength could run quite a bit higher
with a stronger ceramic body.

- STEINHAUER: Did you put air on it?

ANDERSON: I don't think there's any problem -- the
ceramic metal base is a simple way of attaching the metal to
different locations.

STEINHAUER: You say brazing to ceramics 1is
strictly zirconium.

ANDERSON: I'm not saying that,

HENNIGAN: Are there any further comments or
guestions on ceramic seals or Ziegler seals?

If not, we will proceed on to the separator discus-
sions this morning. Our first speaker in that area is Dr,
Will Scoit, of TRW Systems, who has some information on poly=
prophylene types of separators. '

SCOTT: I might have one comment on seals before 1
t alk about separators. ¥We have had in-house approximately
50 amp. hour cells with large size terminals made by the
Microwave Tube Division of General Electric with a butt seal
design, all nickel parts and essentially nickel brazed, no
silver, copper or molybdenunm,

These cells have been in=-house on test and storage

“various configuations forxr about eighteen months at this time

and we have seen no trace of any form of contamination, corro-
sion, lealkage, discoloration or any defects whatsoever in any
of those seals to date.

As far as I am aware, that particular size and
configuation of seal that we put in those cells had not been

.made before by G.E,
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And they did a good job, apparently.

On separators, I'd like to describe some results
that we have seen in some comparative tests on 20 ampere
hour cells manufactured by General Electric, containing
three different iin s of separators: pellon/nylon 2505; the
original polypropylene, designated FT-2140, which was supplied
originally by FPellon; and another polypropylene GAF, WEX=1l2U2,

The first viewgraph shows the essentials of a test
~ program.

- (Slide 13a.)

We had a total of 12 cells in four groups of three
with the letters designations M, N, R and S shown there. There
were three cells each with the two polypropylenes and then
there were six cells with nylon tested in the electrical circuits,
three at a time, a total of six cells with the nylon,

The test parameters are shown at the bottom there,
operated with a base plate controlled at five degrees led at
Centigrade, Two different lengths of cycles were used at
various times during the test. '

The depth of discharge was changed a couple of times
for various reasons, from 15 to 18 ampere hours, which is a
fairly high depth of discharge. The recharge was either two
amps. or two=-and-a-half amps, depending on whether 1t was an
eight or a twelve-hour cycle time that was used.

The recharge ratio was kept close to 1.25 amp/hour
recharge ratio. This test was intended to be relative to a
synchronous orbit application, but it is an accelerated type
of test in that there were lots of cycles conducted fairly
close together. The cycle sets were interrupted at certain
intervals with various periods of trickle charge.

‘ Angd this will be indicated on the subsequent slides,
And next slide, please?

(Siide 14.)

This is a summary of the chronology of the test.
This test is now completed. A%t the end of the test the groups
M and N had been on test for a total of 866 days and the R and
S, which were the nylon types, were 738 days, And you can see
‘on down the list theré the total number of cycles and days and
so forth on this test up until the time that it was terminated.

s



Next slide.
(slide 15.)

This is a group of end of discharge voltage, At the
end of each of various representative cycle sets, that is,
where, say, 20 or 30 or 40 cycles were conducted continuously.
This is the voltage at the end of the lact discharge of that
set as the number of cycles accumulated,

As indicated there, the depth of discharge was
changed a couple of times., It indicates that, as you see,
that there was really little change in the end of discharge
volbtage until all the cells had exceeded 500 cycles under
these conditions and, in most cases, until they had all
exceeded 600 cycles. :

Then, after 600 cycles the one cell in group N
went down rapidly in voltage and ultimately failed soon
after that,

In growp X there's a 2 after the N, which means
there is only two cells left in that set. And then after
the next 165 days of triciile charge, a second cell in group
N had failed and so that group of cells was taien off the
test. ' :

And one cell out of group I, at that time, is shown
below .95 volts, which is really not too bad of voltage for
this depth of discharge. In summary, under these test
conditions, we did get over 600 cycles at from 15 to 18
amp/hour_discharge for every discharge out of these 20 ampere
hour cells, which I consider to be a pretty fair perforrance.

And you can see that up until 600 or so cycles the
polypropylene separator cells held their own pretty well with
the nylon cells. But after that, for reason which I'll
mention in a minute, several of the polypropylene separator
cells failed,

(Slide 15a.)

I believe the next slide will show some data on ine
ternal impedance is measured at 60 Hertz for these cells.
Initially, their impedance was all quite similar, and in the
range from 1% to 2% milliohms,

At the end of the testing the various ilmpedences
were as indicated in the next column,

4

You can see that of the two groups of polypropylene
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cells, M and N, the impedances of cells in group M had
increcased slichtly. One cell in group N, which was the GAF
separator material, had incrcased hardly at all, whereas
cells 2 and 3 in group N, had increased drastically,

All three cells in group I were torn down at that
time. The cells in group i were kept standing by and
aporoximately three months later, one o those cells was torn
down and the impedance was measured again at the end of that
three-month veriod and you can see that in cell 2 of group M
the impedance had increased to 18 milliohms.

When the cells were torn apart, it was found that the
sevarators in cells 2 and 3 of group N were very dry. In
fact, there was no indication of any wetness or any electrolyte
in those separators.

The KOH content was determined by titration and found
to be approximately 5 to 10 percent of what was calculated to
have been in the separator when those cells were new, One cell
in group R, cell number one, has also been torn down, at least
so far, and the KCH in the separators in this cell, which were
nylon, was determined.

The XOH content of those sepa rators was approximately
75 percent of what was calculated for a new cell,

The next slide shows some photographs of separators
removed from various cells. Although these don't tell you too
much, it gives you a feel for the typical appearance of the
separators as removed from these cells.

- (Slide 16.)

This is from group N, cell 1, which was the low-
impedance cell of the three that had the WEX=-1242 separator in
it and was still reasonably wet in this cell. The next
photograph is a typical separator out of cell 2 of grow N,
which was the worst cell in terms of high resistance in
separator dryness.

(S1ide 17.)
And it has a noticeably more dark-gray material on

the separator, The side of the separator that you are
seeing here is that side facing the negative plates.
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There was no visible discoloration or deposits on the opposite
side of any of these separators, that is, the side facing the
positive plates,

Then, the next slide shows the typical separator
out of the third cell in group N, which was also a dry, high=
impedance cell at the end of the test. '

(81ide 18 not available in this transcript.)

And you?ll notice that it has less, actually less
visible deposit than the cell that was wet. I merely point
this out because there is some evidence in cervain kinds of
cells that the amount of cadaium migration seems To be higher
in cells that get dryer and less in cells that operate wet,

I did not see this type of correlation whatsoever in
these cells, The last slide, shows a typical separator out of
the cell from this test that welve taken apart to date that has
nylon separators.

(s1ide 19.)

in every separator in this cell, the top upper two
corners of the separator were dry and all of the electrolyte
was concentrated in the shape that you see darkly colored here.

I can only speculate that when the electrolyte was
added to this cell, it went down in that pattern, spread out,
and never did get up into the upper two corners,

Note also that the amount of disceloration in general
is approximately the same level as observed in many other
cells containing polypropylene, wet or dry.

Onecconclusion that one might make is that there
appears to be a certain number of days, number of cycles or
combination thereof for which polypropylene separators appear
to be comparable to nylon in terms of cell performance at low
temperatures.
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Beyond that, there appears to be a loss of elec~
trolyte from the separator which produces a dry separator con-
dition, therefore a nigh impedance in the separator, and there-
fore a high voltage charge and a low voltage discharge condi-~
tion.

It's not clear to me Just what combination of cycles,
depth of discharge, temperatures and time are good and bad
for polypropylene separators versus nylon right now. I think
this still remains to be demonstrated by further testing. That
concludes what I have to say.

HENNIGAN: Thank you, Will. We have a couple ques-
tions here, Jim Dunlop, from Comsat?

DUKLOP: I have three questions, How did you re-
move the separator? Did you have any trouble removing the
separator?

SCOTT: MNone at all, It was ~- well, I'd say there
was only the slightest amount of sticking, but in most cases
the separator slipped right off with no force at all,

DUNLOP: TIndependently of whether it was polypro-
pylene or not?

SCOTT: DNo, I would say there was more sticking
with nylon than with polypropylene. It was sort of indepen-
dent, in this case, of the degree of wetness, at least in
these cells,

DUNIOP: The other question: we observed similar
results with the testing we did with nickel/hydrogen, where
we were testing different types of polypropylene. One would
be, we called Achilles, the other being Hercules.

We did find the same thing. We tried out the sepa-
rator. The other thing that we did observe, and you probably
observed the very same thing when you took the separator out
it would no longer absorb water.

SCOTT: Yes, I saw the same thing. These separators
. had different wetting characteristics entirely than
they did when they were new, '

DUNLOP: Did you draw any conclusions on this -- as
to why?
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SCOTT: Well, only a theory and that is that, first
of all, the wettability that you observe on these polypropylene
materials that we used when they are new is strictly a function
of the surface treatment that is applied during manufacture.

We did not wash out these materials, They were as
received materials, I think it is becoming fairly well known
that this wettability is washed out in the body of the cell
during cycling in one way or another,

S0, I can only conclude that the wetting agent, or
whatever you want to call it, has dissipated. It probably
ends up scmewhere in the cell, probably in the plates,

DUNIOP: Were these bag separators?
SCOTT: Yes.
HENWIGAN: Steve Gaston?

GASTON: I just have a comment on our experience of
using the polypropylene separators on the other amp hour cells.
Even though I don't have any long life test, we found initially
that polypropylene separators nave a lower capacity if you
wasn out the wetting agents.

It's generally about 10 or 15 percent lower than the
nylon cells, That's the only problem I have right now. If
you wash the wetting agent out, you will get lower capacity.

HENNIGAN: Thank you, Steve. Harvey Seiger?

SEIGER: Is anything done to avoid an electrolyte
redistribution when these cells were originally made?

SCOTT: Not in these cells.
SEIGER: Thank you.

SCOTT: One more comment -- you know, you can make
nylon do the same thing. You can, if you do the same thing
to nylon as you do with polypropylene, even initially, it is,
you can make it very non-wettable, so there, you know, isn't
that much difference in certain characteristics between nylon
and polypropylene but there is a difference in the terms of
the performance, long-term performance of nylon versus polypro-
pylene in these cells, for reasons which have been, I think,
theorized orr here before.



SEIGER: Since you commented, may I make another
question? When you took these cells apart at the end after
theyt!ve gone through all their cycling, did you then notice
any difference in wettability between the nylon and polypro-
pylene?

SCOTT: Very little.

SEIGER: Were they both dry?

SCOTT: Well --

SEIGER: Both of them nét able to wet?

SCCTIT: Yes, we like to look at this under a micro-
scope and you can put the separator down, you can drop a drop
of electrolyte on there and you can sit and watch it all day
and it Jjust sits there on either one., Whereas, when they're
new, it'll, well, actually it's interesting.

On new nylon, it takes about five minutes for a
drop to disperse., On certain of these new polypropylenes --
it's "zap" -- it's gone in about three seconds. So, it just
looks like it's almost the reverse when they're new.

Dr. Pont?

FONT: I have a question. Have you measured the
weight loss of the separator before manufacturing?

The second part I have: do you have the same amount
of electrolyte in your cells with nylon and with polypropylene?

SCOTT: These ~-~ I might say that this test was a,
was not a highly-controlled test, It was a test of commercial-
ly available state of the art cells as of about two years ago.
So, we had no opportunity to measure the weights of the separa-
tors, initially, so we don't know what the weight loss is,.

And the amount of the electrolyte was that which
was recommended by the manufacturer at the time the cells
were bullt and 1t was different between the two different
cells.

HENNIGAN: We had a question over -- back there.-

GRIFFIN: One thing -~ each year we talk here, going
back from 1970, 1971, 13972, the same comments come up. The
one that immediately comes to mind is, "How 1s the cell filled?"
Was it air-removed from the separatec composite from the

a
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electrodes and then the electmlyte ptin, I think this was men-
tioned last year.

One fundamental thing about geiting the air out of
the separator, getting out air of the system before you can
put the extra (block) in. Then this rises the question of
peculiarity because we're all talking about wet-out.

But, yet, really I would think that a wetting agent
really doesn't make that much difference to the total wetting
space available. In other words, how much electrolyte you can
get into the spectrum,

With the nylon and polypropylene, we've got a pretty
hydroscopic structure anyway. We wouldn't expect the wet-out
to be all that great and the only reason that the polypropylene
works 1is because of that extruding agent on the other side.

And nylon is pretty slow anyway, so the vacuum system
is very good. And in both cases I'd also like to point out
that one thing that is very, very important when we're dealing
with very smaller cells, and I think this might be constituted
in your business too, is the control on the initial product
that the separator manufacturer sells us.

I know Eagle Picher has a very full specification
for nylon, I've yet to see one for polypropylene put into
your reports and I think there is a fundamental difference
that if you're after something for the last ten years and
you put such a heck of money into that and such a lot of effort
into evaluating all of this work, you snould at least put the
same proportion of money into the starting point,

I would like to see you even consider taking each
separator and deciding: (1) do we use the same thickness in
each case or do we actually start off with the same compres-
sion pressure of electrodes on the material?

I'd like to see these questions answered to really
help this final analysis, which is, you know, very detailed
and very, in one sense not controlled, because each time we come
to the question, "Was is drawing out of the GAF or the poly-
propylene or was there something wrong initially when you put
the cell together?"

And the final comment: someone sald last year,
"When you're designing accelerator tests," he suggested that
"you should be really certain in the ideal case, that the fail-
ure mechanism at the end was the same as the failure mechanism,
in say, ten years. '

E
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I would like to ask one final question, after that
speech. Was the failure mechanism, in your opinion, are these
cells similar to what one would expect on a filve-year life cell
or how many orbits of space orbits one would consider for
this type?

SCOTT: Shall I answer that?
HENNIGAN: He was making comments primarily.

SCOTT: As far as I know, there is no established
nistory of life-testing, real-time life-testing of polypropy-
lene separators, that is, in the sense that there are known
failures that have been analyzed in the mechanism actually es-
tablished for real-time life tests in access of a couple of
years or more, '

That may not be strictly correct, but it's not well-
known at least, so I don't know that we nave anything really
to compare it with, at least especially for a five to seven
year mission.

HENNIGAN: I was Jjust going to say that tomorrow
we'll have a talk by Don Mains on the Accelerated Test. That's
) actually a planned test to correlate long life with very short
B stress cycling.

And this 1is a very, at this time it's a very big
test you nave to run to get an accelerated test that we hope
will come down to an economical test. So, tomorrow, he'll be
discussing that Jjust for your information.

Lou Belove?

ELOVE: Dr. Scott mentioned real-life time. Now,
I think the Canadian is here, but we have some data on real-
1ife time of polypropylene cells.

SCOTT: You don't have established failures that
nave been analyzed, though. That'!s my point.

BELOVE: I think we have more than ten years. I
5 would like to bring this up: we do know that polypropylene
‘ cells have been in orbit for more than ten years and they are
functioning successfully during that period,.

SCOTT: .That's right, at ten percent depth of dis-
charge. ‘

BELOVE: Right, so that we have to know this, that
whether it's ;a depth of discharge or whether it 1s actually
the types of polypropylene or -- there's one thing I didn't
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hear -- how much KOil was added to these cells? Wnat was the
difference between the nylon and the polypropylene in the
cells in the amount of KOH added to them?

SCOTT: Yes, do you mean percentage-wise?

BELOVE: Because the tendency is -~ or has been, I
should say -- has been in the past used far less KOH than
polypropylene. '

SCOTT: That's right and in this case that was the
direction of the difference.

',BELOVE: Might 1t not be that situation that created
this drying-out effect?

SCOTT: It certainly might. I think it's becoming
clear that could be a major cause of this problem, but, you
know as I say, that wasn't that clear two years when this
test was started.

‘ HENNIGAN: I think it's an unfortunate -- the fact
wnen I talked later on the -- we have (salisman) and cycle
for, you know, three or four years, and we're taking looks at
separators now. And way back then, you wish you knew what
you knew now,

Floyd Ford?

FORD: (NASA-Goddard) In regards to Lou Belove's
comment, I think it should be pointed out that those are
cylindrical cells that he is referring to. And along that
line, I had a question for Dr. Scott,

I think we're failing to look at the cell as a full-
integrated system., When you look at a cell and analyze the
separator, you look at it as a complete component of the cell.
But the cell is a very dynamic environment and the point is
simply this: I can't accept the fact that mechanical pressure
that is created first when a cell is assembled, second, with
“expansion and growth of positive plates with cycled life, as.
has been documented that this is not a significant factor, and
tnis rediffusion of the electrolyte.

So, the question is, did you look at the positive
plates or did you try to locate where the electrolyte was? If
it wasn't in the separator, do you know where it was?

SCOTT: I'm not sure where it all is yet. We have
analyzed the plates for potassium hydroxide. I can account for
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something like 90 percent of the original KOH that was added to
the cell, I know that there are some tricky things about try-
ing to find all of tne KOH that you put into a cell after a
long cycle life, '

I'm not sure that I know exactly how to do that. But
with a fairly simple approacn of pulverizing and analyzing the
plate materials, I can show wnere most of, where there has been
a migration of potassium hydroxide from the separators into
thie plates.

FORD: Whicn plates in particular?

SCOTT: The negatives, primarily. 3
FORD: 1In the negatives?

HENNIGAN: Bob Steinhauer?

STEINHAUER: Do you believe that your impedance mea-
surements and perhaps the observations made on separator dryness
depend upon the state of charge of those cells, when opened
or when measured? And in particular, when opened for the cells
strapped out with resistors.

Should we be looking at this sort of thing before
evaluating tne electrolyte?

SCOTT: When a cell is in fairly new condition with
respect to electrolyte distribution and because of that the
impedance is pretty low and fairly, let's say, normal, which
you'd expect. '

I believe it is important to know what the state of
charge is and what the -~ and a number of other factors will
affect the exact value of impedance that you measure.

However, when the cells are in the condition that
certain of these I mention here are, with respect to dryness
of the separator, it doesn't matter what you do to that cell,
you always getl a very high number,

We get essentlally the same number whether 1it's
charged, discharged, or anything else. In other words, that
high resistance is dominating, in the separator, is dominating
the results that you get.

And you can't change that no matter what you do.
Excuse me, one more comment, I do know that, for example, in
fairly new cells that are marginal as far as electrolyte is

4
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concerned, 1f you discharge them very deeply, you can get a
relatively high impedance versus the value you measure when
they are fully charged because you are using up water in the
discharge process., '

And if they don't nave enougn electrolyte you can
tell by measuring the impedance when they're completely dis-
charged. That's a nifty little thing to do, if you're con-
cerned about electrolyte.

STEINHAUER: Well, when you open these cells and
we keep talking about sticking in a sort of a relative term,
If you open the cells after they've been strapped out versus
opening them at, say, 50 percent state of charge, then you
would make s different observation?

SCOTT: I think you would at a certain stage in the
migration of the electrolyte, maybe some intermediate stage.
I still feel that when cells have gone as far as these two
high-impedance ones are, that it wouldn't make any difference,

HENNIGAN: Rowland Griffin?

GRIFFIN: One interesting thing that came out a
while ago was that Hercules was the only material that I
remember anyone ever seelng that absorbed more electrolyte
initially than pellon. '

And, it was used in some cells described last year
and the year before and it came up rather well, I think Dr.
Hennigan's electrolyte test,.

One thing, in looking at the three materials you
put on the board, the pellon 205 has certain -- well, let's
say 1.5 for argument's sake. And the FT 2140 was a material
design in Germany that was similar, 1.5 approximately.

So we have two different, with similar (denier), So
we have a high electrolyte absorption here. The WEX 1242 is
probably similar, about three (denier), You expect a lot much
difference due to the fiber construction.

One has to come back to the final answer, "Well, what
is happening to the electrodes as a function of time?" If
you take similarity polarity forces and consider this: if the
two were the same, one would expect the electrolyte to stay
there and cycle backwards and forwards depending upon what you're
doing to the charge cycle.

But if, for instance, you are actually getting an
aging process;in one electrode which leads to a much finer
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force on it, one would expect the polypropylene and the nylon
to have a similar result. I would like really to try to esta-
blish on these results, did you feel the nylon was losing or
do we not nave enough data on this point?

Did the nylon lose the electrolyte the same as the
polypropylene or do you not have anything to confirm it? Be-
cause the impedance measurements did not show any of the nylon
cells to be damaged.

SCOTT: I think I mentioned that chemical analysis
of the separators removed from the one nylon cell that we've
torn down in this group showed about 75 percent of the KOH
content that we calculated for the new condition of the cell,

Now, it is uncertain as to what the so-called new
condition content of the separator is. This 1s a number which
is, I guess, like plus or minus 25 percent in terms of our
ability to estimate that value.

So these are rough nunbers. We did not, have not
made this determination directly on a brand new cell, It's
something we'd like to do.

GRIFFIN: One final thing -- we do get these in pri-
mary cells, you're not alone, Polypropylene, especially when
you store it at high temperatures, 160 degrees and up, you can
get the same sort of dryness in a polypropylene systemn,

We can't show that for nylon because we can't get
nylon to stay in that temperature for the length of time in-
volved and one tries to go to polypropylene.

But the real question is: "What happens to the
electrolyte?”

HENNIGAN: Well, last year we got -- the data I showed
on the nylons, Hercules and other polypropylenes, we did have
26 cc. in the nylon cells, which is are 6 amp/hour cells and

4 in the polypropylene cells, like the GAF material.

In that particular polypropylene cell, there is
an electrolyte in the bottom of the cell when you open then.
And nylon retains it and keeps it worked up where yocu just
can't get enough into those polypropylene cells to keep them
wet,

HENNIGAN: Mr. Dangel?
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DANGEL: Generally, considering the factors which
make the fabrics absorb, there are three considerations, pri-
mary considerations. The first one is the nature of the fiber, .
the second one is the surface materials on the fiber and the
third one is the structure, the geometry structure of the fa-
bric, '

I think it 1s fairly obvious that the polypropylene
fiber stays and decesn't probably change very much here. I
think it's equally obvious that something happens to the sur-
face after they disappear or disintegrate or something else
happens to them, This nas a major effect on the re-wetting.

- But the thing that I'm wondering about -- and I
wonder if you have observed this -- is what changes happened
to the geometry of the fabric. Does this charge or discharge,
separate the fibers from each other?

Does it make it bigger on the microscopic scale?
Did you have a chance to observe this?

SCOTT: I wasn't looking for that type of thing, but
I have looked at those separators under, I1I'd say, 20 power and
I have looked at new ones under 20 power and, offhand, I did
not see any difference that I could notice under those condi-
tions.

HENNIGAN: Sam Bogner?

i

BOGNER: I would like to make one other comment to
the pilece of the puzzle -- that is, the fact that if you ster-
ilize these materials, you get different results. I wonder
if people have considered that.

HENNIGAN: This is polypropylene?

BOGNER: Cell capacity goes up and internal resis-
tance goes down.

HENNIGAN: This 1s for polypropylene separators,
- right?

BOGNER: It also occurs in membranes and silver/zinc
cells,

HENNIGAN: TFloyd?

BOGNER: The temperature is around 135 C. for 100
-and some hours. ‘

HENWIGAN: Floyd Ford?
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FORD: Yes. Dr. Scott, if I understood what you
sald, during your presentation, it was that the drier the
separator the more apparent cadmium was in that separator?

SCOTT: Not in these tests. There was no apparent
correlation between dryness and the amount of deposit on the
negative side of the separators.

Wnat I did say was therewas some discussions in
the last couple of years at this meeting which suggested
that as cells dry out the cadmium migration tends to increase,
or at least there seemed to be some indications in that di-
rection and I Jjust said that that did not seem to be the case
here,. ' :

FORD: I think it's fair to say that's not an un-
necessary condition. S :

HENNIGAN: Barry Trout?

"TROUT: On these cells, I assume they were hermeti-

" cally sealed cells and if they were, did you have pressure
" méasurements on the cells and did you notice any significant

differences between the separators?

SCOTT: Yes, they were indeed sealed, We indeed
made pressure measurements. In fact, most of the time we had
transducers on them and we have permanent records, continuous
records of pressure during the whole test.

I have not really sat down and tried to analyze
all of that data, but offhand, I would say that there was
little difference in pressure behavior. Let's say during the
normal conditions -- when the conditions of the cells were
normal, say, with respect to this impedance and probably drying
problem -~ interestingly enough what happened in those cells
that began to dry out was the pressure began to drop,

And I think that this is what you would expect if
you, you know, as the cell begins to dry out. You actually

: decrease your recompination pressures,.

HENNIGAN: Jim Dunlop of Comsat?

DUNIOP: I'd like to make a general comment, Our
testing with different separators in the nickel/hydrogen cell
is a little different from nickel/cadmium, You don't get
any cadmium vibrations, so you do eliminate that particular

‘problem in the cell,
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The separator always comes oul relatively clean.
We have tried a variety of Hercules and Pellon polypropylene
separators., It i3 true, Jjust like you saild Dr. Scott, you get
a deeper depth of discharge.

It's a way to observe a value quicker. Wnhen we go
to very deep depths like 80 percent of capacity, you can
very generally quickly fail in all of the polypropylene sub-
stances we use today. The very best we can get (inaudible).

This argument seems to be centered between nylon
and polypropylene, Frankly, there may be other better choices
than these two to obtain long-term results.

HENNIGAN: I would just like to make one comment.
Wnen I found out unfortunately last year -- it also depends
on wnose cell you put wnhat separator in because that Hercules
separator when we tried it in another manufacturer's cell of
General Electric, it Jjust wouldn't work under the same per-
formance we got in the Eagle Picher cell,

So, it's pretty hard to cross over results between
manufacturers,

Mr, Griffin?

GRIFFIN: Potassium titanium is interesting because
in that we're the people who used it. Well, Dupont withdrew
it's -~ I don't know whether people are getting the same
results with different structures that they had originally.

It is really a question of who has tried this.
HENNIGAN: Marty Klein?

KLEIN: We've never used the (lead) products. We
were always working with basic Dupont products, so there has
been no change in our starting material. I think Jim's com-
ment is valuable.

Our thinking, and I'll talk more about it tomorrow,
but basically we look for material that would wet naturally
by it's own contact angle with the electrolyte. Potassium
hydroxide as opposed to using these nylons or polypropylenes
which really depend upon the wetting characteristics by a
third agent, it has worked out very well.

We have an enormous amount of data showing the ma-
terial is quite stable, will hold electrolytes. And I think
it's a pretty. good material to be looked at for nickel/cadmium,.
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There are some different criteria for nickel/cad-
mium than for nickel/hydrogen, but certainly looking at in-
organic materials that wet directly is a valid approach to
look at.

HENNIGAN: A comment from Guy Rampel'from General
Electric, ' )

RAMPEL: I'd like to comment on your last line, Dr,
Scott., I feel it showed relatively clean separators at the
top. I feel that that is getting unavailable cadmium in those
areas due to high current density.

 DUNLOP: Where does the cadmium go?

RAMPEL: It's still there, but it's inactive at the
electrode chemically by taking in the depth of discharge ex-
ercises,

SCOTT: Guy, though I think I know what I heard you
say, but those top corners of all of the separators were dry
~as a bone, Now, maybe that's something that's normal to you,
but the gray area was very wet, the top corners were dry.

S0, which is the cause and which is the effect?

RAMPEL: That's just what I was going to say -- what
came first, you know, what started first to give you that
result at the end.

HENNIGAN: .If we don't have any more comments or
questions, we ought to take a coffee break now. Thank you
very much, Dr. Scott.

(Whereupon, a short recess was taken.)

HENNIGAN: 1I'd like to remind you again to sign the
attendance sheets, unless they're both still circulating.
We'll continue on with the separator area for the reminder
of the morning, which will go until about 12:45, when we'll
take a break for lunch.

I'd like to remind everYbody to please buy their
cocktail tickets before morning. We'll have to close it down
at noon, at 12:00 or 12:30, whatever.

I'd like to discuss some of our work in the separa-
tor area for  the next few minutes. And the first slide will
be kind of a reminder of some of the areas we did last year
and we did some additional testing on these cells on a



synchronous orbit or a continuous over-charge, a trickle
charge. May I have the first slide, Floyd?

(slide 20.)

Well, as you remember last year, we discussed the
drylng out problem of separators in general and this particu-
lar one is for the nylon where we have the 2505 and the 2505
washed out.

And this was cycled 6,000 cycles and the cell was
taken out every 1500 cycles to determine the effects on the
separator. I guess, for many years people know these things
are drying out, but this is kind of a quantitative measurement
of what was going on.

And we thought maybe we extended those dotted lines
and maybe thought they would go down linearly but we have
some data today which we doubt if they do that.

~These cells here were cycled at rcom temperature,
at 25 percent depth of discharge in the 90 minute orbit., They
were Eagle Picher cells and they contained 26 cc. of electro*
lybe originally.

Can I have the next slide?
(slide 21.)

And we did a trickle charge test on these same type
of cells of Eagle Picher. There was some interest in how they
operated in trickle, And we took them out at three months,
six months, and nine months.

The three-month one looked about the same as the
six-month. And, as you can see, there is essentially no cad-
mium migration, maybe a spot of two. This trickle charge
rate was at the C. over 30, and at 25 degrees Centigrade.

This is the negative side of the, the side that is
“facing the negative plate, and all of the slides I will show
on separators will show the negative side of the separator.

Now, as far as how these cells appeared when we took
them out of the three, six, and nine-month eras shown on the
next grapn.

(slide 22.)
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These cells started out originally in absorption in
g./cm.3 and that centimeter that is cubed is the dry volume
of the separator, at about .72, which several cells were mea-
sured and this is the range that we got on a virgin cell,

Now, during the trickle charge period we got a dif-
ferent type of electrolyte-change and in the cycling tests,
where in the electrolyte seems to go down to a lower value of

about .45 and at least at a nine-month period it stayed con-
stant. |

There was some carbonate determinations done on
these cells and as far as the carbonate over the OH plus car-
bonate, those numbers came out to be about 20 percent and it
didn't change appreciably during the nine-month test.

S0, this wrapped up all of the cells that we had
in that particular test, the g0-minute orbit test and so
forth, This is just another piece of data that we had on these
Eagle Picher cells,

May I have the next --
(Slide 23.)

Now, many years ago we started cycling some cells
with and without Teflon on the negative plates and these have,
both packs have cycled about 16,000 cycles to date and this
was at a 25 percent depth, at 25 degrees Centigrade.

Now, we have samples here from the virgin cells
which were stored as long as the cycle test. And also a
cell that only ran 11,000 cycles because it had been put in
later than the others -- than the 16,000 cycle cell,

Well, the cadmium migration, you might say, doesn't
look bad in these tnings, but most of the separator is left
on the plate and especially on the bottom one where we only
got pieces off.

And it was a very hard problem to get the separator

“right out of the cadmium or negative plate, We have -- could

not get any good drawing out information on these two cycles
because the separator was just putting a very thin, very dried
out, but it looked like in the 11,000 cycle one where you could
determine the drying out, it was about 30 percent of what ori-
ginally was in the separator.

_ Ndw, remembér when I say electrolyte, I mean both
KOH and carbonate, Could I have the next graph, the next
slide?

4
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(Slide 24.)

Now, this ocne is of the same test, but with Teflon
impregnation, or Teflon coating on the negative plates. Now,
these came out practically in total, as you can see, you would
see cadmium migration here that was shown last year, that
might occur in about a nine-, twelve-month type of area.

These separators came away ifrom the plates quite
easily and even when they were (soxlet) extracted, there was
some sticking to the negative plate, but it would come off
reasonably easily. '

‘The thickness of the separator after the test after
the test was about 10 percent less than we originally started.
However, these separators vary quite a bit. They can vary
that much in the original lot, so I don't know 1f that's
really a good number,

‘But some of it does stick to the negative plate.
Now, on these three samples, we could get some effects of the
~drying out or the loss of electrolyte by the separator mater-
ial and I have that on the next graph.

(slide 25.)

. Now, they started out with g./cm.3 of electrolyte
at about .5. Now, at 11,000 cycles 1t was about .15 and at
16,000 cycles it was .15, so, as I mentioned before, maybe
they go down lnearly to start with but as. we go out to some
high cycle depth, we seem to be leveling out.

" One thing we did here -- this was kind of a side
test -~ was to take two cells out at the end and recondition
one. And this -- then open the cell up and look at the sepa-

rator and the amount of electrolyte.

The separator cells looked essentially the same

as the one that was not reconditioned, but this one here had

an increase in the electrolyte content up to about .25 from

- .15, These packs are still running, even though the separator
e : had deteriorated very badly in the non-teflonated cell -- 1t
. : is still running but there are some indications that shorts
h are occuring in those cells both on the discharge and some of

the cells lagging behind on the charge.

Another ares that we look at and Floyd Ford talked
‘about last year, was the storage test on cells and we took
some of those and cut them open and looked at the separators

i
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from those particular cells.

IT you remember, we had a random storage test which
was simulating a type of integration of a satellite. This might
mean charging at various times and discharging. at various
depths, letting the cell sit charged/discharged/partially-charged
and so forth. "

We tried to simulate that operation and we've known
for a long time that we'd like to change the batteries before
these people fly them, especially for long-life.

There was another type of test we made which was a
continuous trickle charge at C. over 30 and another test we
made where the cells were stored shorted, These cells would be
capacity checked every six months and this information is in
the last year's proceedings.

Can I have that slide, Floyd?
(Slide 26.)

This is what the separators looked like after they
\ came off this test. These were 20 aunp/hour cells, storage
: test, 18 months. I believe -- they can correct me if they
hear -- 66 cc. in these cells and the shorted and trickle-
charged cells did not apparently have any migration as far
as black areas go, where the random test showed quite a Dbit
of cadmium into the separator but it was not going throuzh
it.

I think last year we showed a lot of data where in
cycling, the cadmium migration appears to stay on one side of
the separator, the difference in polypropylene separators is
it appears to migrate through.

These separators were quite easy to separate from
the negative electrodes. Now, we do have some drying out or
electrolyte distribution information on these separators
which 1is shown in the next graph.

(Slide 27.)

Where the storage treatment, the shorted cells
had approximately, had Lo g./cm.3, This is about normal for
wnat we find for a (GUlten) cell. We haven't got a lot of
information on sixes, but one we did check a while back had
about the same value, I think it was .45,
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During the trickle charge after the eighteen months,
the separator had about .21 grams of electrolyte per centimeter
cubed and in the random test it was essentially the same order
of magnitude as the shorter test.

That's all for that one Floyd. There was one pack
of cells that was kind of depleted at the (Crane), and we made
it kind of standard practice to take -- when we take cells off
test and out of run through this separator testing, we don't
have a lot of previous test data on these, on how these cells
were made. But it is a polypropylene FT 2140 and I just thought
I'd show you as a matter of interest. I'm not going to say too
much about this one, but these cells have gone about 16,000 cy-
cles, :

(S1ide 28,)

Each pack had ten cells in it., The first pack has
no failures. The second two packs -- some cells were falling
below 10,000 cycles and actually these cells were, you might
say, were failing at the time, but thls was a plece of infor-
mation FT 2140,

The cadmium is going right through the separator.
If you turn them around and look at the other side, you'll see
the same thing. And, especially, the lower two packs are
) 25 C. and L0 percent and 40degrees C.

These -- after tests they would not pass the short
test and appeared to be shorted cells, However, I'll have to
admit, the 25 degrees C, 25 percent pack is still running and
still maintains a fairly good capacity on capacity checks.

These are really 5 amp/hour cells, you see the 6
up there. So, I thought I'd wrap up some of these loose ends,
and I say we are taking some of these cells out after many
thousands of cycles. It would have been nice if we knew four
years ago what to look for, to have done some analysis then,
especially on this polypropylene separator.

We don't have too much information on the original
virgin cells. Thank you. Do you have any questions?

Ed Kipp from Gulton?

KIPP: In relation to the absorption measurements ¢
that you made, did you also measure cell impedance, to see if
there was any correlation with cell impedance with the absorp-
tion of the KOH?

HENNIGAN: Well, I know in the first lot we had a
regular program in measuring impedance all along the cycling.

A



s

i

(oe7on) Lo A% Cezes

7oA G A DR prrer
5
S BeAT &7 ;’ / e
S yorreo C. 47
/?/CK L& 00 2/
C #ancé
s com oY3

FIGURE 27



ha

For instance, on the nylon cells, there was essential-
ly no change., It might be 3 milliohms and go to 4, go to 2 and
it would just stay the same.

Last year when we ran the polypropylene cells, we no-
ticed a two or three-fold increase in polypropylene cells be-
cause of what we assume to be was the drying out. :

Earl Carr, from Eagle Picher.

CARR: Could you put the first slide up where you
had the six-month and nine-month on cycle charge?

HENNIGAN: That's the second or third. You want the
separator?

CARR: Yes, was there any sticking of that separator
to the negative, do you remember or can you tell from the
slide?

HENNIGAN: On all of these things I've talked to the
people who took them out. I could say this -- when after the
pack was (soxhlet) extracted and I did some separation of the
separators and essentially was not sticking to the plates.

Some of the fibers are always going to hang on there,
but there wasn't -- essentially the separators were about the
same thicknesses we had originally put into the cells.

Do you have a question, there?

HENRY: (Telesec) When you -- on the last slide
when you were showing the one's that failed, in the last two
lots. When you look at the other side, were you able to see
any kind of gradient or stratification across the separator
material and it might be more apparent looking at the other
side.

HENNIGAN: Yes, well, the reason I didn't -- I nor-
mally -- ~

HENRY: I noticed there was a little bit up on that
second one. It looks like there was a slight tendency for
stratification in a vertical direction.

I'm wondering, if you look at the other side of --
take a look at the separator material, were you able to see
if there were any more migration to the upper part as opposed
to the lower part? :

2



e
HENNIGAN: Well, one reason -- last year 1 showed

both sides all of the time and the reason I didn't do it here
was because they essentially were the same. You couldn't ~-

Yes, that's why I didn't bother photographing the
other side at all, '

HENRY: What I am really driving at is has anybody
done anything with centrifusion, the effects of the satellites
several feet out undergoing about 6 gs. I wonder if you are
centrifuging some of the electrolyte schemes, whether we're
getting any failure -- nas anyone -looked at that or not?

HENNIGAN: You'll have to ask other people in the
audience if anybody's looked at the effects of electrolyte
separators as a function of g-loading.

Dr, Griffin®

GRIFFIN: There 1s a lot of work on vibration test-
ing in primary cells where you have to be very careful on vi-
bration afterwards, after vibration testing vefore you use
the cell, I'm certain in the Fleischer and Cooper's tests,
one of things was retention of electrolytes in absorber sys-
tem,

There is an A & F, AL monograph in 1964 that des-
crives tnis and what happens to it., In 1968 there was simi-
lar testing, so you have some facts and figures out of there,
But 1t's certainly -- not every structure will retain electro-
lyte under these conditions. ‘

It will go out as much as 4O percent.

KARR: That's what I was wondering about. We hap-
pen to be undergoing about 11 gs. out there along the plate --
we're sitting and all of the ground testing is at 1 g. I
wonder it anybody is planning to do any high g load with 1life
type of testing. '

HENNIGAN: Wéll, I haven't heard any requirement of
that -- :

KARR: This 1g something I have been talking about
individually with pecple. I am not getting much concern about
it. I would like it to go in the minutes of the meeting.

HENNIGAN: Okay, well, thanks for your comment. I
don't know if anybody's done that. I know years ago we did
some on silver zinc, but it was nowhere near -- 1 think it

E
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was about 1 g. or a couple of gs, I'm sorry.
Harvey?

Seiger: On the Cooper-Fleischer reference that was
given, there was some separators at centrifuge of 25 g. for
two minutes and there were also some positive electrodes and
negative electrodes tnat were looked at. And most octher ma-
terials held on to a good portion of the electrolyte that was
first put in.

I think in some cases, twice, they spin twice at
25 g! ' :

KARR: Are these electrolytes?

SEIGER: These are not cells. They were filled with
electrolytes and put into the centrifuge.

"HENNIGAN: Marty Sulkas, from the U.S. Army.

, SULKAS: Tom, you had quite a bit of stuff on Te-
flon treatments.,  Have you any conclusions you have reached
at this time regarding its value, whether it's worthwhile
doing it.

HENNIGAN: The way to preserve the separator there
was quite notable -- I mean, 1t avoided the sticking to the
negative plate. I would say it retarded the cadmium migration
because it didn't move into the separator and we could get it
off and that's wnhat normally happens ~- the separator just be-
comes part of the negative,

I think the people from G. E. also have some infor-
mation on cycling teflcnated electrodes at higher temperatures.
Do you care to comment on that, Guy?

RAMPEL: I think we did work for Hwghes a couple of
years ago. We cycled some nylon 20 amp/hour cells with vari-
ous level of Teflon in the plates and also a control., We cy-
" cled it at 50 percent dod and 50 degrees Centigrade,

In photographs of cadmium migration, atomic absorp-

tion results -- some were published in one of the news reports
on that work -- I believe it was the low-orbit 50 amp/hour
program,

: Cadmium migration was retarded almost 200-fold, at
higher levels of teflon and on down.

v
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HENNIGAN: Thank you. Are there any further ques-
tions? Jim Dunlop? '

DUNLOP: Tom, I don't remember what the random test
was =- .

HENNIGAN: Maybe Floyd could describe that a little
better. ,

FORD: In regards to the data shown here on this
slide, I think there are several important factors that may
be overlooked, so I'd like to recap the results that were
presented in some detall last year at the workshop. And,

I think, most of you, I'm sure, have proceedings.

. And you can go back and look at the electrical data
at the eighteen-month time period at which this separator
analysis came about. Okay, to answer your question, Jim.

The random use was to try to simulate, to the best
we could possibly do, the conditions a battery would experi-
ence during integration on a spacecraft,

Now, as most of you know, integration involves a
wide-range of activity -~ its thermal vacs, mechanical and
et cetera., We did not attempt to simulate the dynamic envi-
ronment or tne thermal vacuum.

But we did want to evaluate the effects of batter-
ies, during what 1I'd say, the pre-test period and during the
actual build-up of the spacecraft. Because, historically
speaking, batteries, being one of the heaviest objects on the
spacecraft, is usually put close to the center for reasons of
center gravity, which usually requires they be installed quite
early in the program or during the build-up of the spacecraft.

Consequently, the flight batteries were usually the
first things to go in and we have test experience or flight
experience wnere batteries were put in up to eighteen months
prior to launch., And we have noticed in the over period of
time, detected some very radical changes in electrical charac-
teristics.

And this test we did, it did confirm the things that
we had observed during the actual build-up and the following
of batteries through a spacecraft integration period.

In summary, then, what I presented last year was I
showed that the random battery could no longer be over-charged
at O degrees C, meaning that you could not charge it if it was
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c over 20, constant current, without exceeding a voltage limit --
a limit was set a 1.55, but in actuality the cells, even after
six months of exposure, got up to about 1.60, which was an
indicator that we would terminate the test. '

There was a slight increase in the capacity of the
random group. But contrasting this with the trickle charge
group, there was a significant increase, and I remember the ,
numbers in the range of 29 to 30 amp/nour capacity that these
cells delivered on the eighteen-month capacity check and these
cells were running like 24 to 25 ampere hours at the beginning
of the test. ' '

Now, the cells, comparing the trickle charge in the
shorting condition, the electrical data other than the capacity
showed very little difference, which brings you to the point

that I wanted to make. .

If you look at this slide and you look at the other
data that he presented on the amount of electrolyte retention,
I thinx it's fairly significant that cadmium migration, if not
a by-product of trickle charging, electrolyte redistribution is
a by-product of trickle charging.

SO here you have two distinct cases, where you get
cadmium migration without significant redistribution of the
electrolyte -- and I'm comparing it to the shorted mode for
a reference point,

But you get -- on the other case with trickle charg-
ing, you get significant electrolyte redistribution but not
cadmium migration. And, in summary, it says that cadmium mi-
gration is related to the current density or to the state of
charge of the negative electrode to some extent.

And my theory 1is that it is related to the current
density associated with the discharge mechanism and in no
way related to the charge mechanism,

Now, this is somewhat confirmed in some data that
we have -- I bellieve it's been presented in one of the previous
workshops -- I know I had the photograph on the table at one
of the tables at one of the meetings for people to look at,

"
/l

But from the synchronous orbit test, one of the most
surprising things that we observed -- we pulled our first
group of cells out -- well, actually we had a cell to fail that
was a O ampere hour cell running at 80 percent depth and we
were simulating the true {sigmus) orbit profile.
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And if my memory serves me correct, it was like 43
years and the cell shorted, so we decided to pull that cell
and do an analysis of it. In particular, we looked at the
condition of the separator. -

Well, what surprised us was that there was not a sig-
nificant amount of cadmium migration relative to a four-year
or four-and-a-half year test that we would have away from the
lower earth orbit or even, you know, like the 120 or 200-minute
orbit we would expect a lot more cadmium migration.

And when you look at a synchronous orbit profile, you
are in trickle charge for, I think, something like 80 percent
of the time -~ the majority of the life of the battery you are
in trickle charge.

And it's not really being discharged. So I suggest
you review the legible data associated with this because 1
think there's a lot more there than meets the eye when you
look at these figures at this time,

And, as far as the sticking, I had an experience
just in the last two weeks that we opened a new cell -~ the
cell had gone to accept this test, as a matter of fact it's
one of the flight programs. '

Now, the cells had not seen sufficient test or tem-
peratures that showed any cadmium migration. In other words,
the separator was very clean. But, this was the first time
I've ever opened a new cell that had a -- and granted this is
relative -- but it was a very dry characteristic and there
was already adherence of the separator system to the negative
electrodes even thought there was absolutely no signs of cad-
mium migration.

Now, I for one believe the cadmium migration and the
related electrclyte distribution, particularly cadmium migra-
tion, is related to the wetness of the cell., And one furthner
experience we had in this was some cells -- well, two differ-
ent lots of cells made by the same manufacturer but made over
a period of I guess, about a year about, again six ampere hour
cells,

But we had a situation where we tested the same lot
of cells in a same series sbtring in the same test conditions.
Now, believe it or not, at the end of the test, which is some-
thing like 21,000 cycle, and this is a fairly moderate or low-
rate discharge with periodic pulse-type loads on it,.

It was a transpondent-type satellite, to give you an
idea of what the rate -- it was typically a 14 amp discharge
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for about four hours or probably about two hours to three hours
once a day. But, the thing that was interesting was that when
we opened these cells and looked at the separator, there was

as much difference between the wetness characteristics as day
and night.

And the only thing I can tell you is those cells
were made one year apart and I feel fairly comfortable in say-
ing that if there was a difference in the amount of electrolyte
those cells had, it would have probably been within the order
of a couple of ccs.

You're talking about a six ampere hour cell that
has somewnere around 18 to 20 ccs. in it to start with. So,
I think what we're dealing with and I'l1l close with this --
I think I've answered your question, right -- is a very com-
plex mechanism and there's many pieces. It's like a huge puz-
zle and I'm very enthusiastic that what I've heard nhere this
morning is, at least some of it has reinforced some of my
ideas and some of 1t has totally torn them apart,

But I think this type of meeting 1is a healthy envi-

ronment, I think thisseparator situation is one that's really
important to a ten-year battery.

HENNIGAN: Thank you Floyd. Do you have another
question, Jim?

DUNLOP: Yes, sir, but I thank you for the answer,
I don't know whether to ask another question,

(Laughter.)

You mentioned the electrolyte distribution. You did
observe a lower amount of electrolyte with this trickle charge?

HENNIGAN: Yes, 1n both cases.

DUNLOP: Why? Do you have any explanation why?

HENNIGAN: I don't have any explanation.

FORD: Well, I'd like to reflect back on a question I
asked about where the electrolyte was in the cell, if it wasn't

in the separator. That's one of my theories that got blown
apart this morning.

Don't underestimate the dynamic environments that
that positive electrode experiences in cycling. One of the
things we have seen on the synchronous orbit testing -- that
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without cadmium migration as the dominant factor for life,
we are finding the positive electrodes are beginning to be
the limiting factor.

I think the changing porosity, the expansion and
probably the change 1n electrode size on a cycle-by-cycle ba-
sis 1s causing a considerable amount of stress. You don't
have really a strong electrode to start with and we start
exposure to high current density. It has devastating effects
on the positive.

HENNIGAN: You have a question there?

BARNETT: Would it be true that the current density
across the surface of the plate would be equal and if you had
a wetter surface material, you would have a lower impedance
and have a tendency to have higher currents than what is placed?

FORD: Is that a comment or question?
BARNETT: It's a question.

FORD: I don't know. t sounds like a sound expla-
nation.

BARNETT: Which is related to current density rather
than dryness.,

FORD: On the current density, a particular place
on a synchronous testing frame are indeed cells that I think
most people are aware of, But the plates were cut from a
much larger plate meaning that the top and the left edge re-
lative to the positive tear, is a colned edge.

The right edge in the bottom is uncoined. Now, there's
two places where an appreciable or dissassociation or whatever
you want to call the mechanism, where this 1s appreciable. One
is, if you look at the, when you take the cells apart and you
look at the edge view as it comes out and reverse it you can
tell which side is coined. R

On the edge view, the colned side is not denominated.
The uncoined edge you can actually see the metal grid right
under it., But, then, contrasting with that, the coined edge
across the top, which is what I attribute to a high current
density, also shows appreciable denomination from the material.

E
]
F

HENNIGAN: Will Scott from TRW?
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SCOTT: If time permits, I have some interesting pho-
tographs and comments relating to that exact point of why the

-

top edge comes apart, which I think you'll find very interesting.

HENNIGAN: Do you want to do it now?, First, if there
is any more questions, we'll finish this up first.

FORD: We planned to discuss that this afternoon.
HENNIGAN: Jim Dunlop?

DUNLOP: On the cadmium migration, did you do any
analysis for cadmium on the positive electrode?

HENNIGAN: No, we did not. Will Scott?
SCOTT: Did you measure any Xxind o

volume in the plates that you removed from
orbit test?

porosity or void
t

o
L
hat synchronous

FORD: No.

SCOTT: Your comments, Floyd, implied that the changes
that might occur in the positive would lead to a greater poros-
ity -- increase in tne porosity. I thought that was what
you were implying.

I wonder if you would absolutely measure nad measured
J )
such changes.

" FORD: We did not measure the change of the dimension
of the porosity of those plates in question. We did not mea-~
sure the change in porosity or plate dimensions on those cells,
unfortunately because of the long, of the length of time those
cells have been manufactured.

We don't have any reference data to compare with any-
way. The observation and the comment that I made this morning
is based on the fact that every time we have had data on new
plates, uncycled plates -- and I'm speaking of plates that actual-
ly where you have mechanical measurements prior to the forma-
tion of ECT test and use it as a reference or even used plates
that have been through the formation on ECT test ~- that we
found and the program was on an CAO Program, so it would be
a governed 20 ampere hour, we found that in approximately six
months of cycling that each plate had increased approximately
10 percent, each positive plate had increased approximately
10 percent In thickness.
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Now, on another program that I have been associated
with intermittently was on the workshop battery made by EP
and we found that the positive plates that they made for those
batteries also show a significant dimensional change. And
you're not talking about five or six years, you're talking about
sometiing that can be measured significantly in six months and
I expect 1t can be measured significantly in probably one or
two months of cycling.

HENNIGAN: Harvey Seiger?

SEIGER: I tnink we'll give some measurements where
we determine thickening in SUS, 27 cycles. I presume we will
be speaking this afternoon.

HENNIGAN: Guy Rampel?

RAMPEL: Just one comment relative to electrolyte re-
distribution, the drying out of the separator with time and
relating that to cadmium migration, I wanted to point out that
the rate of oxygen recombination is increasing and you're get-
ting greater heat on the negative as that occurs and cadmium
migration 1is a function of temperature and current density,
current discharge.

HENNIGAN: Are there any other questions? Your name
please?

WERTHEIM: (Grumman) I just wanted to know, taking
into account the data that you produced last year on storage
and the data you have now on storage, have you come to any
tentative conclusion on which of the two storage methods,
trickle charge or storage cells, are preferable?

HENNIGAN: Well, the data we had on the separator
itself, the shorted cells was preferable and I think with the
electrical data -~ is that right Floyd?

FORD: Yes.

HENNIGAN: The data is based on that also. We had
e two trickle charge tests there and the separator was drying
y“} out. This appears to take away some of the life of the cell,

WERTHEIM: This bears out our initial conclusions
on that, is that right?

HENNIGAN: I don't think we stated any last year,
I mean, we didn't have any trickle charge data last year.

4
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WERTHEIM: Several years ago shorted cells were con-
sidered to be best as far as storage was concerned.

HENNIGAN: I know. We're not satisfiled with trickle
charge. Okay.

FORD: (Goddard) - I have a question rather than a
comment. We are not sure wnat the electrolyte redistribution
does for you or doesn't do for you, whichever the case may be,
Because I point out that when I sald earlier about the synchron-
ous orbit test, if you look at what we know today, you have to
assume there would be electrolyte redistribution in those cells,

- Now, those cells are showing relative to test condi-
tions, they are showing a decline in capacity and general per-
formance of the cells, It'!s not clear in my mind, based on
the data I have seen this morning (inaudible).

It's not Jjust clear in my mind what this leads to
ultimately, 1f you don't have to contend with the positive
plate consideration or the high density.

HENNIGAN: We nave a question back there, Your nanme,
please? ' '

SCHULMAN: On the several comments made that the
cadmium migration is due to current density, does anybody know
whether it's due to average current density or a pulse cur-
rent density?

In other words, is it the instantaneous light current
that causes the cadmium migration or is it the overall current
flows? '

HENNIGAN: Most of the test we have here are done

" at constant current discharging. There's no pulsing going on
and the charged current does vary because we're using a taper-
type charge. It does vary in charge.

We don't any information on what pulse would do or
_higher rates than we're talking about and part of the acceler-
ator test is to really up the rates on the Ni/Cd cell and

these type of -- it would be a better planned test on separator
evaluation. S5 we may be able to answer those questions next
year.

Bill Harsch from Eagle Picher?
HARSCH: I'm curious. Is there any reason why open

circuit discharge storage mode was eliminated from that test?

4
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HENNIGAN: We normally don't store cells in the open
circuit discharge mode, all right, as a shorted storage-type?

HARSCH: Why?

(Laughter.)

HENNIGAN: It's kind of a practice we've come up with.
I don't know if I've seen any data on -- Jim Dunlop talked about
it last year, I believe, on the circult stand.

Will Scott?

SCOTT: I will show a little data on that point, T
guess, this afternoon also, open circuit discharge.

FORD: To answer your question specifically, the
reason it was left out -- they were not the particular test
unit included. We have planned to complement this series
and that 1s one of the facts we want to look at.

We discharge something like a 10 percent, but my be-
lief at this point is I am not going to get too much difference
there than what I've seen on the random test because now I'm
) leaving the cadmium at a fairly low rate of charge.

I don't want the conclusive interpretation of cad-
mium migration solely related to depth of discharge. I think
that gets us to an important factor.

Scott showed a photograpnh this morning showing a
pattern of standard migration. Now, if you want to spend the
time and review the probably thousands of photographs showing
different cells, different types of cells and different test
conditions, I'm sure you could come up with something that
was a significant conclusion that the cadmium you'll find is
going to be somewhat random, which leads me to believe those:
migration patterns as attributed to a random stress due to
pressure being created at certain points within the cells.

HENNIGAN:  Bill Harsch from Eagle Picher?

R HARSCH: I would 1like to see this type of storage
included in this kind of testing mainly because my personal
preference of storage is discharge open circuit, However, I
have no data to back it up.

The only thing I see and like is a battery that has
been stored like this is much easier to recondition. We have

done it, restored batteries for better than two years, open
circult discharged, and have never had any cell fallure due

to this kind of storage.
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But there is no data to say yes or nc and I would
like to see mcre of this particular storage mode being included
in some of the testing done.

FORD: Do you have the money?
(Laughter.)

HENNIGAN: Any more comments or discussion? Dr.
Griffin?

GRIFFIN: Is there a difference in the volume of
electrolyte, whether you have a teflon electrode or non-teflon?

HENNIGAN: There's about & cc. One cell had 18 and
the other cell had 183, The teflon had 183.

GRIFFIN: I wonder 1f the teflon would have another
beneficial affect besides retarding electrolyte migration into
the electrode, just from a wet-out polnt of view of putting a
hydrophobic structure in there. I know the electrode is
used to prevent that.

I am Just wondering later on it would be later on to
have this type of measurement on four sides, I know it's very
difficult on some of these things, but I certainly think we
might get some correlation here between the initial structure
of the electrode, the final structure of the electrode and
whether you should really have a separator in that that has
a similar size at the end of some sort of gradation in slize,
through the separator.

One could argue you should be aiming for a structure
that isn't uniform on four sides because the electrodes are
changing in different ways.

EENNIGAN: Mr, Seiger?

_SEIGER: How much teflon was put on each electrode?

HENNIGAN: Well, in way of thicxness, this was level
1. I would rather the manufacturer comment on the thickness.

RAMPEL: PFrankly, it is not a thickness situation,
it's an impregnation of teflon into the electrodes and a con-
centration of teflon.

HENNIGAN: Dr. Goudot?

GOUDOT: Have you seen any effect of the teflon on
the recombination rate of oxygen recombination?



The fabrication technique 1s -~ as you can see =--
two phases in this case., The first phase 1is the preparation
of the flexible substrate. The asbestos 1is impregnated with
a solution of polyphenylene oxide and chloroform.

This was necessary for two reasons: first, to give
the asbestos some handlability. It's rather flexible, the
(matt) is rather flexible and kind of difficult to handle.
Also the polypeylene oxide was able to coat the inorganic
fibers of the asbestos and protect 1t from attack.

The next step in preparation is to take this impreg-
nated asbestos, form it into a bag by gluing the edges together
into which we inserted the electrodes. Both electrodes in
both systems -- the silver/zinc and the nickel/zinc systems --
were inserted into this bag.

The next step is the application of a coating in
this bag by dipping it into a slurry. The slurry contained
two organics -- again, as mentioned, polyphenyleneoxide and
a plasticizer, both of which are soluble in chloroform.

We also used some fillers, some inorganic fillers,
ceramics and incrganic fibers. Next one?

) (Slide 30.)

The performance we've noted with these systems in
the silver/zinc, these are LC ampere hour type cells -~ this
is after sterilization, after 135 degrees for about 200 hours --
we were able to obtain over 100 cycles at very deep depths,
This is 100 percent depth.

We were able to obtain over 400 cycles at medium
depths, 40 to 50 percent and over 1,000 cycles at rather
shallow depths, 7 to 15 percent depth. Now, this was after
two years of stand prior to cycling with a total wei-life
of 33 years.

If we had cycled these cells during this three-year
wet stand, we would have over 2,000 cycles and we do, We have
some cells that have been cycling continuously for three and
a halfl years.

As far as the nickel/zinc system, we have demonstrated
300 to 400 cycles at depths ranging from 60 percent to 100
percent. I must stress these are experimental cells. They
happen to be three plate cells that we've bullt in our labora-
tory.
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